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PURPOSE AND SCOPE 
 
  
 
The purpose of the investigation was an evaluation of the cost of replacing the existing bridge deck, 
floorbeams and columns and repairing the other portions of the structure as required, in order to 
raise the safe live load capacity of the bridge to 15 tons and to extend the life of the bridge.  The 
second purpose of this investigation was the same as the first except to develop a structure with a 
safe live load capacity of 5 tons and to extend the life of the bridge.  The third purpose of this 
investigation was to perform an evaluation and cost of rehabilitating this bridge and adapting it for 
usage as a pedestrians only bridge.  The investigation was performed in 1994 and again in 2004 
and included a field inspection to determine the nature and extent of the deterioration.  Selected 
areas of the concrete arches and piers were cored and examined for quality in the laboratory.  In 
addition, numerous areas of the arch were evaluated by taking samples of concrete and testing 
them for chloride content. 
 
A structural analysis was performed of one of the spans and the bridge deck.  Results of this 
inspection, testing and structural analysis were analyzed and evaluated to determine the nature and 
cost of repairs.  Recommendations are presented. 
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FIELD INVESTIGATION 
 
 
 
DESCRIPTION OF THE BRIDGE: 
 
The Worsham Street Bridge, located in the City of Danville, Virginia, spans the Dan River and U. S. 
Route 58.  The bridge connects Worsham Street on the north to Wilson Street on the south.  This 
reinforced concrete structure was built in 1928 and consists of 10 spans plus an earth-filled bridge 
approach section approximately 180 feet in length at the south end of the structure.  This section 
has earth fill retained by concrete retaining walls, which were constructed parallel to the centerline of 
the roadway.  The total length of the bridge itself is approximately 1,150 feet and consists of 5 open 
spandrel arch spans, 2 arch spans that are half open spandrel and half filled spandrel and 3 filled 
spandrel arch spans.  The 2002 traffic count was 7,200 vehicles per day.  This structure was 
constructed with a 28-foot clear roadway with a 5-foot width walk on the upstream side. 
 
In the summer of 2003 a twelve-hour pedestrian count revealed only forty-six (46) pedestrians 
crossing the bridge. 
 
In the early 1970's a 10-ton weight restriction was placed on this bridge.  In the early 1980's the 
roadway width, on the downstream side, was reduced by approximately 3 feet by the use of 
pavement markings and the posted weight limit was reduced to 5 tons.  In 1985 a contract was 
awarded for approximately $125,000 for emergency repairs for sections of railing and railing 
supports which had weakened considerably on the downstream side of the structure.  In the early 
1990's the roadway width on the downstream side was reduced by approximately 4 feet 6 inches, 
from the original curb line, by the placement of concrete traffic barrier sections.  This work was done 
under contract, and several spandrel columns were repaired under the same contract. 
 
In the late 1990's the asphalt wearing surface, which was potholed and in very poor condition, was 
removed from the concrete deck portion of this structure and "band-aid" repairs were performed to 
the deck in an effort to maintain the structure in a condition safe for traffic until the adjacent Main 
Street bridge over the Dan River could be renovated. 
 
At the time of these repairs it was determined over 90 percent of the top surface area of the deck 
was severely deteriorated.  In many areas of the deck, concrete could be removed by simply 
blowing air on the concrete through a hose attached to an air compressor.  In a very high 
percentage of these areas the concrete deck was deteriorated full depth.  Approximately 700 square 
yards of the deck were repaired but in none of the repair areas was sound concrete encountered, 
even at a depth of 5".  The poor deck condition is further supported by the fact that in the 1980's ten 
concrete cores were removed from the deck for compression testing but all of them fell apart and 
none could be tested. 
 
In June 2004, a contractor's crew was working on repairs to the sidewalk when a section the full 
width of sidewalk and several feet long fell out to the ground leaving only the reinforcing bars in 
place.  Inspection of other areas of sidewalk revealed a number of other areas that were in similar 
condition to the one that collapsed. 
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In an effort to prevent loose pieces of concrete from falling off of the bridge onto traffic on Route 58 
and pedestrians under the bridge north of the river, the City has, on several occasions, had 
contractors to remove this concrete from the underside of the structure.  This concrete is removed 
by hand-held masonry hammers.  These are not of the pneumatic type.  During the removal of this 
loose concrete in late June 2004, one of the floorbeam cantilevers supporting the sidewalk dropped 
down approximately 1 ½ feet and no longer renders support to the sidewalk.  There are numerous 
other floorbeam cantilevers, some on the downstream side and some on the upstream side 
supporting the sidewalk, which are in extremely poor condition as a high percentage of the concrete 
has either fallen off or been removed with the masonry hammers.  It is for this reason the sidewalk 
for this bridge was closed to all pedestrian traffic in June 2004.  In July 2004, this structure was also 
closed to all vehicular traffic. 
 
Exhibit 1 is a plan and elevation of the bridge showing span and pier designations.  On Sheets 4 
and 5 are sketches to assist the reader to understand the nomenclature used. 
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LABORATORY EXAMINATION AND TESTS 
 
 
A. Chloride Contents 
 
Twenty-five concrete samples were collected and tested for chloride content.  These twenty-five 
concrete samples were taken from the arch ribs, arch rings and piers in the area immediately below 
the spring line.  Four of these samples have very high chloride contents (greater than 2 pounds per 
cubic yard).  There are an additional six samples with high chloride contents (1.3 to 2.0 pounds per 
cubic yard).  Forty percent of these samples contained chloride contents high enough to likely cause 
corrosion of the rebar.  The source of this chloride is likely the deicing chemicals applied to the 
bridge deck and roadway approaches in the winter time. 
 
 
B. Compression Strength 
 
Twelve concrete cores were taken for compression testing.  Only ten of these could be tested 
however because two broke into pieces too short for testing. The compressive strengths ranged 
from 3,100 psi to 6,000 psi.  Nine of the cores ranged between 3,400 psi and 4,600 psi.  These 
strengths, while acceptable, are slightly less than was expected for a good, Class A3 concrete mix 
76 years old.  We must also remember that in the 1980's ten concrete cores were removed from the 
deck for compression testing but all of them fell apart and none could be tested. 
 
 
C. Concrete Permeability Tests 
 
Ten cores were removed from the bridge and tested for chloride ion penetration (permeability).  
These cores were removed from the arches in the vicinity of the spring line, the area below the 
spring line, and the piers.  The results are shown in Exhibit 6. Eight of these ten cores tested high 
permeability with two testing moderate permeability.  Properly cured concrete continues to lower its 
permeability with age.  The scale which we are using to define low, moderate, high permeability is 
listed below:   
 
 

TABLE 1   Chloride Ion Penetrability Based on Charge Passed 
(1) 1 

 
  Charge Passed (coulombs)  Chloride Ion Penetrability 
 
  >4,000     High 
  2,000 - 4,000     Moderate 
  1,000 - 2,000     Low 
  100 - 1,000     Very Low  
  <100      Negligible 
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These high permeability results for this seventy-six year old bridge structure are very disappointing.  
This means that moisture can penetrate the concrete quickly and deeply and lead to reinforcing 
steel corrosion (especially if the water has chloride in it) which in turn will lead to cracking of the 
concrete, delamination and spalling.  The findings of these tests are consistent with conditions found 
in the field for this structure.  There are approximately nine thousand (9,000) linear feet in the arches 
where the concrete is cracked along the reinforcing bar which is very likely a result of corrosion of 
the reinforcing bar.  These areas may be expected to continue to corrode and in time lead to 
additional delaminations and spalls along the reinforcing steel. At this time, there are also 
approximately fourteen thousand (14,000) square feet of the arches that are already either spalled 
or delaminated as a result of corroded reinforcing steel. These are areas that will require cutting out 
and replacement of the concrete.  These quantities represent an increase of appoximately thirty (30) 
percent over those found in 1994. 
 
By comparison, the Main Street bridge over Dan River contract has estimates to repair 495 square 
feet of spalled and/or delaminated concrete and 253 linear feet of concrete crack repair.  A 
comparison of the vast differences in the conditions of these two bridges is evident when you 
consider the differences in these four quantities. 
 
In summary, the results of these tests tell us we have a high permeability concrete which is leading 
to much more rapid, than normal, deterioration of this reinforced concrete structure.   
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Concrete Permeability Tests 
 

 
Number 

Core  
Diameter 

Core  
Length 

Visual 
Condition 

 
Location 

1 4" 6" 1 piece, numerous 
entrapped air voids, some as 
much as 1/8" in diameter 
 

Pier 4, downstream side, east 
face, south side 
 

2 4" 6" 1 piece - 2" deep, crack in 
top surface, numerous 
entrapped air voids some as 
much as 3/16" in diameter 
 

Pier 3, upstream arch, Span B, 
3' below arch spring line, west 
face 
 

3 4" 6 ½" 1 piece, concrete discolored 
top 1" 

Pier 3, Span C, upstream arch, 
3' below arch spring line 
 

4 4" 6" 1 piece, numerous 
entrapped air voids, some as 
much as ¼" in diameter 

Pier 3, Span C, on arch 
underside, downstream arch, 
west face, 7' below spring line 
 

5 4" 6" 3 pieces, concrete 
discolored top ¾", entrapped 
air voids up to 1/8" in 
diameter 
 

Pier 4, Span D, west arch, 5' 
below spring line, underside of 
arch 
 

6 4" 5" 1 piece, concrete discolored 
up to 2" deep, numerous 
entrapped air voids up to 
3/16" in diameter, cracks up 
to 1 ½" deep in top 
 

Pier #10, 3' from upstream 
end, south side, 3' below top of 
cap 
 

7 4" 4" 
 

1 piece, concrete discolored 
up to ¼" deep at top, some 
entrapped air voids up to 
1/8" in diameter 
 

Pier #9, upstream face, 3' 
below top of cap 
 

8 4" 5 ½" 1 piece, concrete discolored 
up to 1 ½" on top, some 
entrapped air voids 
 

Span B, downstream arch near 
Pier 3, 2' below spring line on 
arch underside 
 

9 4" 6" 1 piece, concrete discolored 
up to 1" deep on top, some 
air voids, some cracking 4" 
into core, some entrapped 
air voids up to 1/16" in 
diameter 
 

Span C, downstream arch at 
Pier 4, west face, 7' below 
spring line 
 

10 4" 6" 1 piece, concrete 
discoloration up to ¾" deep 
in top, cracks in top as much 
as 2" deep.  A few entrapped 
air voids with some as much 
as ¼" in diameter 
 

Span C, upstream arch at Pier 
4, east face, 6' below spring 
line 
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D. Alkali-Silica Reaction in Concrete 
 

Six of the eight cores tested for alkali-silica reaction in the concrete indicated, under the 
petrographic examination, that this reaction is occurring.  The results of that testing are included in 
Exhibit 6.   
 
When the alkali in the cement reacts with the silica that is present in some aggregates, with the 
presence of moisture being highly significant, gel is formed.  As this reaction process continues, the 
gel expands and can lead to cracking of the aggregate particles or cracking of the cement paste. 
 
The aggregate used in this concrete is one that is high in silica content.  Two of the cores exhibit 
mature reaction between the alkali and the silica meaning there is cracking in the aggregate or 
cement paste as a result of the gel expansion.  Four of the cores exhibit lesser amounts of gel 
formation but a definite reaction is occurring between the alkali and the silica.  It simply has not 
advanced to the stage of the mature reactions.  Therefore, in six of the eight cores, we are 
experience an alkali-silica reaction and with time it will worsen as the gel formation will continue and 
the pressures resulting from it which will crack the coarse aggregate and/or the cement paste will 
continue to increase. 
 
There was no evidence of air entraining in any of these cores.  The purpose of using air entraining in 
concrete, which began being used by VDOT in the 1940's, is to reduce the chances of concrete 
scaling due to freeze/thaw cycling, particularly in the presence of chlorides. 
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Ten (mostly 2" diameter concrete cores with one 4" and two 2 ¾" diameter) cores were removed 
from the structure in the area of the arches.  Some of these samples were taken above and some 
below the arch spring line.  These samples were lettered A through J and eight of the ten samples 
were tested to determine if there was evidence of alkali-silica reaction present.  Core sample C and 
J were not tested because they were either in too many pieces or the pieces were too small to be 
tested. 
 

 
Letter 

Core  
Diameter 

Core  
Length 

Visual 
Condition 

 
Location 

A 2" 3 ½" 2 pieces, concrete 
discolored top ½" 

Span D, downstream arch 
at pier 4, 7' below spring 
line arch, west face 
 

B 2" 2 ¾" 2 pieces, some entrapped 
air voids up to 1/8" in 
diameter, some 
discoloration around 
coarse aggregate 
 

Span C, upstream arch at 
pier 4, 6' below spring line 
arch, east face 
 

C 2" 2 ½" 2 pieces Span B, upstream arch at 
pier 4, 5' below spring line, 
east face 
 

D 2 ¾" 4 ½"    1 piece, some 
discoloration, top 1 ½", 
crack top 1 ¼", few 
entrapped air voids up to 
1/8" in diameter 
 

Span C, upstream arch at 
pier 3, 3' below spring line, 
arch underside 
 

E 2" 4" 2 pieces, some 
discoloration top ¾", 
some entrapped air  voids 
up to 1/8" in diameter 
 

Span D, upstream arch at 
pier 4, 8' below spring line, 
east face 
 

F 4" 2" 1 piece, some 
discoloration around 
coarse aggregate 

Pier #9, upstream face, 3' 
below top of cap 
 

G 2" 1 ½" 1 piece, some 
discoloration around 
coarse aggregate 

Span C, top of stream arch, 
8' north of pier 4 
 

H 2 ¾" 2 ½" 1 piece, some 
discoloration top 1", some 
discoloration around 
coarse aggregate, some 
cracks as much as 1" 
deep in top of core 
 

Pier 10, 3' from upstream 
end, south side, 4' below 
top of cap 
 

I 2" 2 ¾" 3 pieces, some 
discoloration around 
coarse aggregate 

Span I, upstream side, west 
face of arch, 1' above spring 
line 
 

J 2" 2 ½" 1 piece Span H, upstream side, 
west face of arch 0.5' above 
spring line 
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STRUCTURAL EVALUATION 
 
 
 
A structural evaluation of one of the arch ribs was performed.  While the concrete compressive 
stresses in this arch rib were not unusually high, we are very alarmed at the lack of reinforcing steel 
used in these arch ribs if the structure were to remain in service as a 15 ton vehicular bridge.  In 
some areas the actual values are only 50 percent of current AASHTO bridge design requirements.   
 
Concerning the tie bar spacings, these are spaced 6 foot center to centers with the current AASHTO 
requirement being 1 foot 0 inches max.  It was also determined the longitudinal bars are not 
adequately restrained by the tie bars.  This lack of reinforcing steel, coupled with the extensive 
cracking found in these arch ribs give us cause for great concern. 
 
In more technical terms, the current AASHTO Standard Specifications for Highway Bridges, Section 
8.14.3.4 requires the longitudinal bars in the arch ribs to have an area at least equal to 0.01 of the 
gross concrete area.  The actual values for these arches varies from 0.011 to 0.0049 at the location 
where the arches are 54" deep. 
 
The same specification under Section 8.18.2.3.2 requires the tie-bar spacing to be no greater than 
the least member section or 12" max.  In this case, 12" max would control.  The actual tie-bar 
spacing in these arches is 6'-0". 
 
Also the AASHTO specifications under Section 8.18.2.3.4 requires ties within the arches to restrain 
re-bars other than at corners with a maximum spacing equal to 4'.  The only re-bars restrained in 
these are at the corners.  These arches are 6'-0" in width, therefore, this requirement of the 
specifications is not met. 
 
It is questionable if the Virginia Department of Transportation (VDOT) will allow state funding to be 
used to rehabilitate a structure with these deficiencies.  They may allow it if the structure is to be 
used for pedestrian bridges because the loads would be lighter. 
 
In the early 1980s the load capacity of this bridge, because of increasing concern with its poor 
condition, was reduced from a 10 ton to a 5 ton posting.  This was a capacity based on judgment 
and observation of the structure under loading.  There were no structural calculations performed at 
that time because there were no engineering drawings of the original structure available at that time.   
 
The engineering drawings for this old structure have now been obtained from the City and we have 
used them to perform a load capacity rating of the existing concrete deck which, as we have earlier 
stated, is in very poor condition.  The results of that analysis supported the 5 Ton posting which was 
in place on this structure until it was closed on July 14, 2004. These calculations are included in 
Exhibit 8. 
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7/12/2004

ITEM NO. DESCRIPTION UNIT PRICE AMOUNT

1 MOBILIZATION LUMP SUM 405,000.00$           

2 DISMANTLE & REMOVE PORTION OF LUMP SUM 1,084,000.00$        
EXIST. STRUCTURE

3 REHABILITATE ARCHES LUMP SUM 3,864,380.00$        

4 REHABILITATE SUBSTRUCTURE LUMP SUM 468,000.00$           

5 CONSTRUCT NEW SUPERSTRUCTURE LUMP SUM 1,865,936.00$        
(ALL ABOVE ARCHES)

6 CAUSEWAYS & COFFERDAMS LUMP SUM 704,000.00$           

7 ROADWAY APPROACHES LUMP SUM 642,000.00$           

8 UTILITIES LUMP SUM 400,000.00$           

SUBTOTAL 9,433,316.00$        
ENGINEERING & CONTINGENCY - 25% 2,358,329.00$        

TOTAL 11,791,645.00$      

THIS ESTIMATE INCLUDES THE COSTS FOR WATERPROOFING THE ARCHES AND
ENCASEMENT OF PIER FOOTINGS IN THE STREAM.

SCHEME A

13

PRELIMINARY ESTIMATED COST TO REHABILITATE BRIDGE
REPAIR ARCHES & SUBSTRUCTURE, REPLACE ALL CONCRETE ABOVE ARCHES

28'-0" CLEAR ROADWAY & ONE 5'-0" SIDEWALK
(15 TON LIVELOAD)



7/12/2004

ITEM NO. DESCRIPTION UNIT PRICE AMOUNT

1 MOBILIZATION LUMP SUM 405,000.00$        

2 DISMANTLE & REMOVE PORTION OF LUMP SUM 1,084,000.00$     
EXIST. STRUCTURE

3 REHABILITATE ARCHES LUMP SUM 1,691,460.00$     

4 REHABILITATE SUBSTRUCTURE LUMP SUM 468,000.00$        

5 CONSTRUCT NEW SUPERSTRUCTURE LUMP SUM 1,789,254.00$     
(ALL ABOVE ARCHES)

6 CAUSEWAYS & COFFERDAMS LUMP SUM 704,000.00$        

7 ROADWAY APPROACHES LUMP SUM 642,000.00$        

8 UTILITIES LUMP SUM 400,000.00$        

SUBTOTAL 7,183,714.00$     
ENGINEERING & CONTINGENCY - 25% 1,795,929.00$     

TOTAL 8,979,643.00$     

THIS ESTIMATE INCLUDES THE COSTS FOR WATERPROOFING THE ARCHES AND
ENCASEMENT OF PIER FOOTINGS IN THE STREAM.

SCHEME B
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PRELIMINARY ESTIMATED COST TO REHABILITATE BRIDGE
REPAIR ARCHES & SUBSTRUCTURE, REPLACE ALL CONCRETE ABOVE ARCHES

24'-0" CLEAR ROADWAY & ONE 5'-0" SIDEWALK
(5 TON LIVELOAD)



7/12/2004

TOTAL
ITEM NO. DESCRIPTION UNIT PRICE AMOUNT

1 MOBILIZATION LUMP SUM 350,000.00$        

2 DISMANTLE & REMOVE PORTION OF LUMP SUM 1,084,000.00$     
EXIST. STRUCTURE

3 REHABILITATE ARCHES LUMP SUM 1,691,460.00$     

4 REHABILITATE SUBSTRUCTURE LUMP SUM 378,000.00$        

5 CONSTRUCT NEW SUPERSTRUCTURE LUMP SUM 1,356,975.00$     
(ALL ABOVE ARCHES)

6 CAUSEWAYS & COFFERDAMS LUMP SUM 676,000.00$        

7 ROADWAY APPROACHES LUMP SUM 60,000.00$          

8 UTILITIES LUMP SUM 400,000.00$        

SUBTOTAL 5,996,435.00$     
ENGINEERING & CONTINGENCY - 25% 1,499,109.00$     

TOTAL 7,495,544.00$     

THIS ESTIMATE INCLUDES THE COSTS FOR WATERPROOFING THE ARCHES AND
ENCASEMENT OF PIER FOOTINGS IN THE STREAM.

COST ESTIMATE TO CONVERT TO A PEDESTRIAN BRIDGE
(24'-6" CLEAR ROADWAY)
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7/12/2004

ITEM NO. DESCRIPTION UNIT PRICE AMOUNT

1 MOBILIZATION LUMP SUM 500,000.00$           

2 NEW BRIDGE - 1,151 (35.33)  $120.00 LUMP SUM 4,879,780.00$        

3 DISMANTLE & REMOVE EXISTING
STRUCTURE LUMP SUM 2,914,000.00$        

4 CAUSEWAYS & COFFERDAMS LUMP SUM 704,000.00$           

5 APPROACHES
   NORTH APPROACH LUMP SUM 300,000.00$           
   SOUTH APPROACH - PARALLEL 
   RETAINING WALLS LUMP SUM 600,000.00$           

6 UTILITIES LUMP SUM 400,000.00$           

SUBTOTAL 10,297,780.00$      
ENGINEERING & CONTINGENCY - 25% 2,574,445.00$        

TOTAL 12,872,225.00$      

NOTE:  ESTIMATED LIFE OF STRUCTURE WITH REASONABLE MAINTENANCE - 60 YEARS.

SCHEME D

COST ESTIMATE TO REPLACE STRUCTURE WITH NEW STRUCTURE
(HAUNCHED STEEL GIRDERS)
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28'-0" ROADWAY AND ONE 5'-0" SIDEWALK
(HS20 LIVELOAD)



7/12/2004

ITEM NO. DESCRIPTION UNIT PRICE AMOUNT

1 MOBILIZATION LUMP SUM 500,000.00$           

2 NEW BRIDGE - 1,151 (35.33)  $210.00 LUMP SUM 8,539,614.00$        

3 DISMANTLE & REMOVE EXISTING
STRUCTURE LUMP SUM 2,914,000.00$        

4 CAUSEWAYS & COFFERDAMS LUMP SUM 704,000.00$           

5 APPROACHES
   NORTH APPROACH LUMP SUM 300,000.00$           
   SOUTH APPROACH - PARALLEL 
   RETAINING WALLS LUMP SUM 600,000.00$           

6 UTILITIES LUMP SUM 400,000.00$           

SUBTOTAL 13,957,614.00$      
ENGINEERING & CONTINGENCY - 25% 3,489,403.00$        

TOTAL 17,447,017.00$      

NOTE:  ESTIMATED LIFE OF STRUCTURE WITH REASONABLE MAINTENANCE - 60 YEARS.

(HS20 LIVELOAD)
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PRELIMINARY ESTIMATED COST TO REPLACE STRUCTURE WITH NEW STRUCTURE
(PRECAST CONC. ARCHES)

28'-0" ROADWAY AND ONE 5'-0" SIDEWALK



SUMMARY OF COST ESTIMATES 
 
 

 
 
 

SCHEME 

 
 
 

DESCRIPTION 

PRELIMINARY ESTIMATED 
COST INCLUDING 25% FOR 

ENGINEERING & 
CONTINGENCY 

   
A Preliminary Estimated Cost to Rehabilitate Bridge 

Repair Arches & Substructure, Replace All Concrete 
Above Arches 
28'-0" Clear Roadway & One 5'-0" Sidewalk 
(15 Ton Liveload) 

$11,791,645.00 

   
B Preliminary Estimated Cost to Rehabilitate Bridge 

Repair Arches & Substructure, Replace All Concrete 
Above Arches 
24'-0" Clear Roadway & One 5'-0" Sidewalk 
(5 Ton Liveload) 

$  8,979,643.00 

   
C Cost Estimate to Convert to a Pedestrian Bridge 

(24'-6" Clear Roadway) 
$  7,495,544.00 

   
D Cost Estimate to Replace Structure with New 

Structure (Haunched Steel Girders) 
28'-0" Roadway & One 5'-0" Sidewalk 
(HS20 Liveload) 

$12,872,225.00 

   
E Preliminary Estimated Cost to Replace Structure with 

New Structure (Precast Conc. Arches) 
28'-0" Roadway & One 5'-0" Sidewalk 
(HS20 Liveload) 

$17,447,017.00 
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CONCLUSIONS 
 
 
We conclude that it is not "economically feasible" to replace the concrete above the arches and 
rehabilitate the arches and the substructure below to the level necessary for this structure to have a 
15 ton live load capacity or a 5 ton live load capacity.   
 
We further conclude it is not "economically feasible" to replace the deck, railings, sidewalk, 
floorbeams and columns above the arches and to rehabilitate the arches and substructure below the 
arches in order to convert the structure to a pedestrian bridge.  The following factors are extremely 
important when considering these conclusions: 
 
 1. In general, the quality of the concrete in this bridge is far inferior to that of the adjacent 
  Main Street bridge over the Dan River.  This may be traced back to the time of  
  construction.   
 
 2. The existing concrete is highly permeable.  This means it will absorb much greater  
  amounts of moisture than a good quality concrete and this will lead to deterioration of the 
  concrete and corrosion of the reinforcing steel. 
  
 3. The existing arches are in fair to poor condition.   
 
 4. The existing arches are chloride contaminated in 40 percent of the locations tested. 
 
 5. The existing reinforcing steel is bare rather than epoxy coated.  Therefore, it will begin to 
  corrode at a much earlier age.    
 
 6. Existing concrete has slightly low compressive strength. 
 
 7. The presence of an alkali-aggregate reaction is ongoing between the aggregate and the 
  cement paste.  This will shorten the useful life of the concrete. 
 
 8. The existing arches are under-reinforced. 
 
 9. In short, the consequences of the conditions found tell us it will be extremely costly to 
  rehabilitate this structure to a good condition that will last for very many years.  Seventy-
  six (76) year old concrete that has high permeability values, contains chloride, contains 
  reinforcing steel which is not epoxy coated, not air-entrained and has an alkali-aggregate 
  reaction occurring, is not a very durable concrete.  It will be very expensive to maintain. 
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ESTIMATED REMAINING LIFE OF STRUCTURE AFTER REPAIRS AND 
ESTIMATED ANNUAL MAINTENANCE COSTS 

 
 
A. Vehicular Bridge with 15 ton live load capacity 
 
 1. Estimated remaining life - We estimate the remaining life of this structure after repairs to 
  be thirty (30) years.   
 
 2. We estimate the annual maintenance cost to be $133,000.   
 
B. Vehicular Bridge with 5 ton live load capacity 
 
 1. We estimate the remaining life of this structure after repairs to be thirty (30) years. 
 
 2. We estimate the annual maintenance cost to be $112,000. 
 
C. Pedestrian Bridge 
  
 1. We estimate the remaining life of this bridge after repairs to be thirty-five (35) years. 
 
 2. We estimate the annual maintenance cost to be $84,000. 
 
All of the above costs were developed using present-day costs. 
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RECOMMENDATIONS 
 
 
We recommend the following: 
 
 1. That the City remove the existing bridge in its entirety and reroute all traffic to cross the 
  newly widened and renovated Main Street bridge across Dan River.  It is simply not  
  economically feasible to retain this poor condition structure in service either as a  
  vehicular or pedestrian bridge. 
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MR. ABBA LICHTENSTEIN'S LETTER OF DECEMBER 11, 2003 
 

We are responding to Items 12, 13, 16-20, 23 and 24 of Mr. Lichtenstein's letter of December 11, 
2003.  For ready reference, a copy of that letter is re-printed on the following two pages.   
 
Item 12  
Our response to this item is contained in the structural evaluation section.  The deck controls the 
capacity of this structure and is in very poor condition. 
 
Item 13 
Our response to this item concerning "the arches are under-reinforced" is found in the first six 
paragraphs of the section dealing with structural evaluation. The statement that the bridge is in poor 
condition is well documented with photographs, large areas of cracking, spalling and delaminations 
and the fact that the concrete is highly permeable. 
 
Item 16 
Costs for new Main Street Bridge over Dan River: 
 
A - New Bridge     $  8.2 million 
B - Rehabilitate Existing Structure   $  2.4 million 
C - Roadway Approaches    $  5.4 million 
D - Preliminary Engineering   $  3.3 million 
E - Right of Way     $  2.1 million     
        $21.4 million 
Item 17 
VDOT demolition of Worsham Street Bridge 
Estimate:  $2,914,000 
 
Item 18  
Please see our cost estimates for rehabilitation of this structure.  Many structures can be 
rehabilitated if enough money is spent on them.  The issue here is whether or not it is practical to 
spend the millions of dollars that will be required to rehabilitate this structure and pay the ongoing 
annual maintenance costs. 
 
The salt content issue is supported by the fact that twenty-five (25) concrete samples were collected 
and tested for chloride content. Four (4) of these samples have very high chloride contents (greater 
than 2 pounds per cubic yard).  There are an additional six (6) samples with high chloride contents 
(1.3 to 2.0 pounds per cubic yard).  These chloride contents are high enough that the areas they 
represent are likely to become troublesome in the very near future.  We found thousands of linear 
feet of cracking in the arches with the cracking mostly following the reinforcing steel bars within the 
arches.  This cracking is a result of moisture and/or chloride penetrating the concrete and causing 
the reinforcing steel within to corrode and swell as it corrodes, thus causing the concrete to crack. 
 
The statement concerning the fact that this reinforcing steel is not epoxy-coated was simply meant 
to point out that the time to corrosion (for reinforcing steel that is not already corroded) will be much 
shorter because of the absence of the epoxy-protected coating. 
 
 

22 



Item 19  
The adjacent Main Street bridge, which is being rehabilitated, has two bid items to repair the arches.  
They are repair cracks with the estimate being 253 linear feet and superstructure concrete repair 
with the estimate being 495 square feet.  We have found thousands of linear feet of cracking in the 
Worsham Street bridge arches and thousands of square feet of spalled and delaminated concrete 
which must be removed and repaired.  In addition, we have the concerns of future deterioration 
because of the chloride issue and the high permeability of the concrete in the arches.  It is not 
practical to attempt repair to a structure with this much deterioration. If the bridge is repaired, it is 
very likely in a few years additional cracks, spalls and delaminations will appear and the structure 
will be very expensive to maintain. 

 
Item 20  
Because of the poor condition of the floorbeam cantilevers there are numerous sections in the 
bridge where the bridge railings are beginning to lean outward indicating the floorbeam cantilevers 
are failing.  This is not unexpected given the condition of many of these floorbeam cantilevers.  If the 
bridge is turned in to a pedestrian bridge cantilevers can be removed and new railings installed.  
However, there are areas of deteriorated concrete within these closed spandrel arches which must 
be dealt with.  Also, we would need to deal with the problem allowing the walls over the piers in the 
closed spandrel spans to lean.  This is the problem that was repaired in the 1970's by the addition of 
steel transverse rods tying the two walls at each pier together.  The fill between the closed spandrel 
walls, under the bridge roadway, will require removal in order to address the repairs that are likely 
needed in the area below the roadway fill. 
 
Item 23 
Even for conversion to pedestrian bridge, there are huge expenditures that will be required to repair 
the arches.  Because of the deterioration already present and the poor quality of concrete in the 
arches, the structure cannot be economically repaired. 
 
Item 24 
The scenario converting this bridge into a pedestrian bridge was studied closely.  The cost estimate 
of $7.5 million to rehabilitate this structure and convert it to a pedestrian bridge is a huge 
expenditure for a bridge which would only serve pedestrians and bicycles.  It can be done but the 
high cost makes it impractical.   
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